Ordinal scales are frequently used in clinical trials to quantify outcomes which are non-dimensional. They may be regarded as either single state or transition measures based on whether they assess the outcome at a single point in time or directly examine change which has occurred between two points in time. Each has unique structural and operating characteristics, so that different methodological standards for their construction and utilisation are required. All trials employing ordinal scales published in three leading journals between 1980 and 1984 were examined.
Introduction
In clinical medicine ordinal scales are frequently used to quantify phenomena which are not truly dimensional. Well known examples include the 1+ to 4+ system for assessing peripheral oedema, the New York Heart Association classification for patients with cardiac failure,' and the TNM cancer staging system.' More complex scales have been developed to measure phenomena such as functional state '4 and disease severity in acutely ill patients. ' These scales are single state measures because they are designed to assess patients at a single point in time. In a clinical trial such scales are often employed to establish a patient's state at entry and again at the trial's conclusion. Differences between assessments are then attributed to the treatment. In contrast, transition scales measure this change directly. Regardless of their baseline state, patients report whether they are better, the same, or worse at the conclusion of the trial.
Guidelines for the construction and utilisation of ordinal scales as measures of outcome in clinical trials have not been formalised. In this paper a set of standards are developed and applied to recent Department of Medicine, Cornell University Medical Center, New York 
Methods
The January 1980 to December 1984 issues of three leading journals were reviewed. These were the New England Journal of Medicine, Annals of Internal Medicine, and the British MedicalJournal. Studies were included if they met the following criteria: (a) the study was a clinical trial, and (b) at least one ordinal scale was used to measure outcome. Twenty six studies using 44 scales met these criteria. 6' For each study compliance with the pertinent methodological standard was rated according to whether (a) the standard was met, (b) the standard was violated, or (c) compliance with the standard could not be evaluated or the standard did not apply to the scale in question (tables I and II). Each study was reviewed separately and independently by each of us but no explicit attempt was made to determine interobserver agreement. Table III lists the scales specifically discussed below.
Single state scales SCALE RANKS
The first standard is that scales must be composed of individual elements which are clearly defined and the ranks must be discrete and nonoverlapping (mutually exclusive). Failure to ensure this may create serious ambiguities, as seen in a trial which examined the benefits of adrenergic blockade in patients with subarachnoid haemorrhage. Patients were evaluated using an ordinal, single state measure of neurological outcome.6 The scale ranks were (1) alert, no neurological signs; (2) alert, minor neurological signs; (3) alert, major signs; (4) drowsy, minor signs; (5) drowsy, major signs; and (6) comatose. Outcome was deemed to be good if a patient was grade 1 or 2 and poor if grade 3 or more. The signs that made up the individual ranks (minor and major neurological signs, drowsiness, coma) were never defined. As a result we cannot be sure what the ranks actually mean-Is a patient who is drowsy with minor neurological signs really worse off than an alert patient with major signs? Is hemiparesis a major or a minor sign? When does severe drowsiness become coma? This lack of definition makes it impossible to assess whether the ranks are mutually exclusive or whether the order is reasonable. This is crucial in interpreting the report because the reported benefits of treatment depended entirely on where the cut off point was placed. If, for instance, grade 4 (drowsy, minor signs) were considered a good outcome, the overall conclusions would be different.
Thus the first guideline requires that all the elements of the scale must be clearly defined and the ranks must be discrete. This standard was met in 24 instances, violated in three, and was not evaluable in the remaining 12 examples (table I) .
Not only must the individual scale ranks be clearly defined but the order of the ranks must be reasonable. Ambiguously ordered ranks or the inclusion of qualitatively different phenomena within the scale may create difficulties, as seen in a recent study of patients receiving intensive immunosuppression for progressive multiple sclerosis.7 In that study two ordinal scales were used as outcome measures. The disability status scale is based on disability and accompanying neurological signs, while the ambulation index quantifies a patient's ambulatory state. With the disability status scale patients are assigned to grade 6 if they require a mechanical aid (canes, crutches, or braces) for walking. In contrast, all other ranks depend on the disability experienced by the patient. Taken to extreme, a patient who walks with a cane but works and is self sufficient might be rated as worse off than a patient who is not able to care for himself. In a scale designed to measure disability, including a category based solely on the use of mechanical aids for walking is not sensible and raises questions about whether someone with grade 6 disability is actually worse off than someone with grade 4. As grade 6 was the most frequent rank among patients, regardless of the treatment group, the results in the study using the disability status scale are difficult to interpret.
The study also used an ambulation index which measures physical ability based on both the time required and distance walked as well as the need for mechanical aids. In this scale there is a reasonable hierarchical progression of scale ranks; it seems clear that a patient with grade 4 mobility is worse off than the patient with grade 3.
Thus the second guideline for the single state scales is that the scale elements must assess the same phenomena and be ordered in a reasonable hierarchical manner. This guideline depends directly on the presence of well defined mutually exclusive ranks, without which the hierarchical progression cannot be assessed. Of the 39 examples, 22 satisfied this standard and three did not. In the remaining 14 As scales frequently measure a constellation of clinical phenomena, it may be difficult to know the true clinical importance of the overall scale scores or score differences. This is particularly true with the more complex scales. For example, with more simple ordinal scales such as the New York Heart Association classification a clinician can perceive whether a change from class III to class II is important. With the more elaborate scales, however, the meaning of a given change in score becomes more uncertain. A statistically significant difference between treatment groups may not be of much clinical relevance.
One method of addressing this problem is for the investigator to provide a context for interpreting the scores or differences in scores. An example of this approach is illustrated in a study on the impact of free medical care on adult health.' Data on the general health of a large population were obtained by a questionnaire which is scored on a standardised scale of 1-100. A context 6 4 Thus the third guideline is that the scale scores must be placed in a clinical 29 6 context. This is of particular importance as the scales increase in complexity and the meaning of a score becomes more obscure. In the review 18 examples inder review.
satisfied this requirement, while in 21 it could not be evaluated ( The most fundamental requirement for scales used as measures of outcome is that they must detect equally both improvement and deterioration in the population under study. To do this a single state scale must have a sufficient range to encompass the spectrum of the phenomenon in the population. For example, if the population under study lies at one extreme or the other on the scale at the beginning of the study change in one direction may be impossible to detect.
In a recent crossover trial oral digoxin was evaluated in patients with chronic congestive heart failure.9 Heart failure was assessed in 25 patients using a scale composed of five clinical and radiological observations, each assigned a score 0-4 based on severity. A total score ofzero indicated the best clinical state and 20 the worst. Although the patients had had a mean score of 8 at some point before the trial, their mean heart failure score was 1-2 (SD 1-4) at the beginning of the study, close to the "best" possible score. As a result the study population lay at one extreme (the "best" end) of the scale; thus immediately before the trial the measurement of change in one direction-in this case improvement-was constrained. As measured by the scale, digoxin was efficacious overall. Among the 11 patients who did not respond to digitalis, only one had a third heart sound (S3) or gallop rhythm, typical of patients with decompensated cardiac failure. The authors concluded that digitalis did not work in patients without a third heart sound. Of the 11 non-responders, however, seven had heart failure scores of zero (the best possible score) when receiving placebo; therefore, if improvement had occurred with digoxin it could not have been detected by the scale (since zero was the best possible score and the effect of treatment was measured as placebo (that is, zero) minus digoxin). Though the study showed an overall beneficial effect of digoxin, the authors' claim that only those patients who had an S3 gallop benefited is not warranted; in fact, benefit may have occurred that was not measured because the heart failure score cannot detect improvement in patients without signs of decompensated cardiac failure.
Whether the clustering of patients at one extreme on a scale may pose an important problem in utilising the scale may be assessed by examining where the patients are on the scale at entry to the study. In a recent investigation of children with severe atopic eczema treated with combined oral and nasal beclomethasone a surface damage score was calculated.'0 The skin surface was divided into 20 separate zones of roughly equal area. A score (0-3) was recorded for each zone for (a) redness, (b) surface damage (vesiculation, crusting, excoriation, or any combination), and (c) lichenification. The scores were summed to give a total of 0-60 for each feature. At entry into the study the mean scores ranged from 19 to 26. As the patients can move from anywhere between zero and 60 on the scale measurement of both improvement and deterioration was possible.
Thus the fourth requirement for the use of single state scales in the measurement of outcome is that the scale must be able to measure improvement and deterioration equally in the population under study. Though there may be circumstances in which change will occur in only one direction (TNM cancer staging), these are the exception rather than the rule. Whether this standard is met may be assessed by examining the patients' scores at entry to the trial. If the patients are clustered at one extreme on the scale, then the scale may be unable to detect a change occurring in one direction. When such circumstances were present we deemed the standard to be violated. Of the 39 instances in which single state scales were employed, this requirement was met in 23 and violated in four instances. In the remaining 12 little or no information was provided about the patients' scores at entry into the trial, so the standard could not be evaluated (table I) .
USE OF SINGLE STATE SCALES
Single state ordinal scales may be used in two ways to assess outcomes. A between patient analysis compares the outcomes in two or more groups. For example, if a trial of digoxin in congestive heart failure were being analysed in this manner the heart failure scores in patients treated with digoxin would be compared with those in patients receiving placebo; differences between groups would be attributed to the treatment. The problem with this analysis is that the patients may have entered the trial with very different initial scores. The between group analysis assesses only which group is best overall at the end of the trial, not the extent of improvement in each group. If, instead, the differences between the scores at entry and those at completion of the trial are calculated for each patient and the differences examined, a within patient analysis would be performed. In trials using ordinal scales as outcome measures it is the within patient changes that are most important. Such within patient analyses must be performed in crossover trials, where, in this example, the score during digoxin treatment would be compared with the same patient's score while receiving placebo.
In a recent report on the use of lymphoplasmapheresis in rheumatoid arthritis 14 patients were randomised to receive either intensive plasmapheresis or sham treatment." Evaluations comprised a range of laboratory and clinical measurements which included subjective assessments of wellbeing and a system for evaluating joint tenderness and inflammation known as the Ritchie index.32 With the scale of wellbeing patients were asked to score themselves on a scale of 1 to 10 (10 representing best).
For both the scale of wellbeing and the Ritchie index an examination of the within patient differences would be the preferred comparison in a trial of this design. Instead, the authors analysed the scores in the two groups at the end of the treatment period using a between patient comparison. For example, with the scale of wellbeing the score in the placebo group (614; SD 167) was compared with that in the treatment group (6-78; SD 0 756); the authors reported the difference to be significant (p<005). While it is difficult to attach much clinical importance to differences of this magnitude, the key problem with this approach is that the between patient comparison obscures what happens to the individual. As the study's conclusions hinged on the apparent improvements in these two outcomes, and all other clinical variables (walking time, grip strength, and morning stiffness) failed to improve, the authors' claims regarding efficacy are difficult to accept.
In contrast, a study of the effectiveness of a geriatric evaluation unit used a within patient analysis.'2 Patients ready for discharge from an acute care hospital were randomly assigned to either a geriatric evaluation unit or to receive routine follow up care and then followed up for a year. Physical and mental functioning were assessed using various standardised ordinal scales. In patients who survived at one year between patient analysis showed no significant differences between the groups. When the surviving patients in each group were examined using a within patient analysis, however, three out of the four scales utilised in the study showed significant differences favouring the geriatric unit.
Thus the fifth guideline assesses whether the analysis of the data centred on the within patient differences. In 22 instances the correct analysis was performed, while in 14 it was not. In three examples the information was insufficient to assess the strategy employed (table I) .
Transition scales
Feinstein and Wells first introduced the concept of a "transition taxonomy" for scales used for directly evaluating change and suggested a useful design for their construction. 33 By this method change is detected using arbitrary ordinal ratings that represent both the magnitude and the direction of the change in question. As with the single state scales the individual ranks must be clearly defined, mutually exclusive, and arranged in a hierarchical manner. One additional characteristic influences the performance of these scales-namely, symmetry.
SCALE SYMMETRY
The concept of scale symmetry relates to the basic requirement that to measure outcomes a scale must detect equally improvement and deterioration. A double blind crossover trial of the treatment of Raynaud's phenomenon compared the serotonin antagonist ketanserin with placebo.'3 An ordinal transition scale by which patients evaluated the effect of treatment on symptoms was employed, constructed as (1) excellent, (2) good, (3) no change, and (4) worse. This asymmetric design, which provides two opportunities for improvement (excellent, good) against one for deterioration (worse), increases the likelihood of a positive response (improvement) and could potentially bias the results.
In another study thyroxine replacement therapy in patients with subclinical hypothyroidism was examined. 14 A different approach was adopted in the construction of the symptom score. A transition scale was utilised composed of five ordinal ranks: (-2) worsening, (-1) development of a new symptom, (0) no change, (+ 1) improvement, (+2) resolution. Despite the apparent symmetry of the ranks (-2 to +2), the inclusion of "new symptom" (-1) destroys its internal symmetry and confounds the interpretation of the results.
Thus transition scales must be symmetrical in their structure. This guideline was satisfied by four of the eight transition scales found in the literature review (table II) .
USE OF TRANSITION SCALES
In contrast with the single state scales, transition measures assess directly within patient differences. In the usual trial patients are assigned to one treatment or another and the scale scores at entry are later compared with those at completion of the study; transition scales assess the difference directly, thereby achieving a within patient analysis. In a crossover trial the transition score during active treatment must be compared with the score during placebo treatment. Failure to make this comparison nullifies the advantage of the crossover design. In an investigation concerning the treatment of Raynaud's phenomenon nifedipine was compared with placebo in a crossover fashion. '5 Although each patient received the two treatments and the transition scores were reported for both, the response of a given patient (to treatment) was never analysed in relation to the placebo scores. Instead, the authors analysed the total scores for the treatment and placebo periods using a between patient analysis; benefit (moderate to pronounced improvement) was reported in nine of the 15 patients while receiving nifedipine versus two while receiving placebo. When, however, differences between nifedipine and placebo in individual patients are examined (within patient comparison) only four of the 1S patients had experienced a moderate to pronounced improvement with nifedipine (as compared with placebo); of the remaining patients, 11 experienced, at best, minimal improvement in their symptoms.
In contrast, in a study ofplasmapheresis among patients with rheumatoid arthritis a crossover design with sham apheresis as the placebo was employed.'6 Various assessments of disease activity were employed and included the patients' subjective evaluation of joint symptoms using an ordinal transition scale: (-3) much, much worse, (-2) a lot worse, (-1) a little worse, (0) the same, (+1) a little better, (+2) a lot better, and (+3) much, much better. All assessments were performed before the trial (time 1) and then after one, two, three (time 4), eight, and 12 weeks of treatment. The analysis proceeded as appropriate for a crossover trial with differences occurring in the treatment intervals calculated for each patient. For the subjective evaluations (transition scale) there was by definition no baseline (time 1) assessment. Thus the comparison performed was apheresis time 4 minus sham treatment time 4. At the conclusion of the study no significant differences were found between the groups.
When the studies were evaluated for the use of within patient differences six were found in which the preferred analysis was performed (table II) .
Concordance
The concept of concordance applies to both the single state and transition scales and reflects whether the scales yield results that are consistent with the other measured outcomes. Differences, if present, should be reasonably explained. For example, we should expect that patients experiencing an exacerbation of rheumatoid arthritis would show increases in sedimentation rate along with a deterioration in their American Rheumatism Association classification. Thus when other outcome measures are employed it is a useful and easily applied validation procedure to examine whether all the outcomes of interest are concordant. Though the correlations will not be perfect, we should be concerned when similar trends do not occur, unless the authors offer a plausible explanation for the dichotomy. When the concept was applied to all 47 examples (single state and transition scales combined) 34 satisfied the criteria and nine did not. In four instances scale concordance could not be-evaluated or was not applicable because only a single measure of outcome was utilised.
Conclusion
In this review we have attempted by example to delineate some of the problems with the application of ordinal scales to measure outcomes in clinical research. Guidelines easily applied by the clinician or the investigator have been developed to serve as methodological criteria for the evaluation of research using scoring .systems to assess clinical outcomes. We hope that these simple rules will provide a useful framework by which future investigation may be planned and evaluated.
What advice should be given to relatives about the likely duration ofa victim's life after injury to the spinal cord producing paraplegia and quadriplegia?
Patients who sustain a spinal injury have a reduced life expectancy. Until spinal centres were developed, as the result ofthe second world war, all these patients died within a few months of injury from severe pressure sores and ascending urinary tract infection. As a result ofthe development ofspecialist centres, patients have a much improved life expectancy and, provided that they receive adequate treatment, a paraplegic patient's life expectancy is reduced by about 10 years, mainly due to the risk of developing pressure sores. Patients who have higher lesions-that is, tetraplegia-are always at risk of developing pressure sores and urinary tract infections but the main risk is overwhelming chest infection, which can develop within 24 hours. It is vital that relatives learn how to look after the patients while they are in hospital and that when the treatment is completed they have short trial periods at home. After discharge it is especially important that they remain well hydrated and in continuous contact with a spinal unit. Should the patient develop either pressure sores or urinary tract infections a spinal specialist should be contadted immediately.-J R SILVER, consultant in spinal injuries, Aylesbury.
A young man's diet is milk, pulses, bread, vegetables, freshfruit, and afew ounces ofcheese a week. He is in good health and able to do hard work, though subject to depressive episodes. Is the diet likely to be lacking in calcium, and ifso could the lack produce psychiatric symptoms before physical ones?
Although the diet is rather restricted in composition, it is clearly adequate to support physical activity and overall health. The details of the diet are not sufficient to permit the calculation of intakes completely but the milk alone would contribute over 600 mg a day of calcium so that the diet contains adequate calcium.' The foods making up the diet are rich in dietary fibre and the associated phytates reduce the bioavailability of the calcium (and iron and zinc) in the diet, but it would seem unlikely that the calcium supply is inadequate.2 This could, however, be tested by providing a mineral supplement. The HMSO, 1979 .
